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Title of the Invention: 

Aluminum-Anodizing Method and Apparatus for Pistons 

[Abstract] 

[Object] To provide a piston aluminum-anodizing method and 
apparatus capable of forming a highly hard alumite layer 
automatically only at a piston head portion at a high speed 
and for a short time period -without any masking step. 
[Constitution] The piston aluminum-anodizing method is 
characterized in that a piston head portion is anodized such 
that only its surface region to be aluminum-anodized is caused 
to contact with an electrolyte in an electrolyzing bath whereas 
its remaining portion is disposed outside of the electrolyzing 
bath. An apparatus for executing the method is characterized 
by comprising: an electrolyzing bath (10); a device (11) for 
feeding and discharging an electrolyte into and out of .said 
electrolyzing bath; a jig body (5) disposed in said 
electrolyzing bath and including seal, means (6) fitted at a 
position lower than the highest level of the electrolyte for 
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holding a piston (4) to be treated, upside-down with its head 
portion being positioned belov;, and fcr causing only the piston 
surface region to be aluminum-anodi zed to face the inside of 
the electrolvzing bath v^hile shielding the remaining portion 
from the electrolyte; and a cathode (7) disposed in the 
electrolvzing bath to generally confront the head portion of 
the piston (4) fitted in said jig body. 



[Title of the Inventicn] Alurriinuni-Ancdi zing Methcd ^nd 
Apparatus fcr Pistons 
[Claims ] 

(Claim 1] A pistcn aluminum-anodizing method 
characterized in that a piston head portion is anodized such 
that only its surface region to be aluminum-anodi zed is caused 
to contact v;ith an electrolyte in an electrclyzing bath whereas 
its remaining portion is disposed outside of the electrolyzing 
bath. 

(Claim 2 ] A piston aluminum-anodizing method as set forth 
in Claim 1, characterized in that an anodized coating film is 
formed by controlling an electric current at an initial stage 
so that a current density may be constant, till a bath voltage 
reaches a constant limit, and by controlling and reducing the 
electric current, after the bath voltage reached the constant 
limit, so that the bath voltage may be kept at the limit. 

[Claim 3] A piston aluminum-anodizing apparatus is 
characterized by comprising: an electrolyzing bath (10); a 
device (11) for feeding and discharging an electrolyte into 
and out of said electrolyzing bath; a jig body (5) disposed 
in said electrolyzing bath and including seal means (6) fitted 
at a position lower than the highest level of the electrolyte 
for holding a piston (4) to be treated, upside-down with its 
head portion being positioned below, and for causing only the 
piston surface region to be aluminum-anodized to face the 



inside of the electrcl yzing bath v^hile ihielcinc the reinaininc 
pert ion from the electrolyte; and a cathode •;") disposed in 
the electrolysing bath to generally confront the head portion 
of the piston iA) fitted in said jig body. 

[Claim 4] A piston aluminum-anodizing apparatus as set 
forth in Claim 3, characterized in that said cathode (7) is 
provided on its back vjith an electrolyte injection nozzle (8) 
and has a hole for allowing the electrolyte injected from said 
nozzle to pass toward the piston head portion. 
[Detailed Description of the Invention] 
[0001] 

[Application Field in Industry] The present invention relates 
to a method and an apparatus for aluminum-anodizing a piston. 
[ 0002 ] 

[Prior Art] In accordance with the higher output of the engine 
of the recent years, there have arisen the thermal stress and 
the mechanical stress for the piston to receive. Therefore, 
the piston of an aluminum alloy is troubled by the cracks which 
occur around the combustion chamber of the piston head portion. 
[0003] For preventing these cracks, there have been adopted 
a variety of counter-measures according to the demanded 
specifications- The measures include: an improvement in the 
change of a manufacture method from the gravity'casting to the 
high-pressure casting or the forging; an improvement by the 
surface treatment of a hard aluminum anodization; and an 
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imprcvement by an FPM material such as ceramic fibers or ceramic 
whiskers or the like . The present inventicn relates to a method 
and an apparatus for the high-speed hard aluminum-ancdi zaticn 
or one of the counter-measures. 

10004] Here *will be described the reason v;hy the alumite is 
effective for the thermal cracks at the piston head portion, 
i.e./ the mouth of the piston combustion chamber for a direct 
injection engine. When the piston temperature is raised by 
the combustion, a compressive stress usually occurs at the 
aluminum parent material portion at the mouth portion of the 
combustion chamber. If the alumite layer is present/ however, 
a tensile stress occurs in the parent material portion near 
the alumite layer to relax the compressive stress v^hich is 
caused in the aluminum portion of the parent material. The 
alumite is the film of aluminum oxides, which is usually 
generated by using aluminum as the anode in the electrolyte 
and by electrolyzing it . The hard alumite is generally defined 
as one having a film of a thickness of about 20 microns or more. 
[0005] In order to form the alumite layer only on the piston 
head portion, the electrolyzation has been done in the prior 
art by making the surface other than the piston head portion 
and by dipping the entirety or more than half of the piston 
in an electrolyzing bath. However, this maski'ng step takes 
many troubles and a long time to rai.se a problem in the 
production efficiency. 
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[OOOo] 

[Problems tc Be Solved by the Invention] The present invention 
has been conceived in viev; of the view points thus far described, 
and has an object to provide a piston aluminum-anodizing method 
and apparatus capable of forming a highly hard alumite layer 
automatically only at a piston head portion at a high speed 
and for a short time period without any masking step. 
[0007] 

[Means for Solving the Problems] The above-specified object 
can be achieved by a piston aluminum-anodizing method 
characterized in that a piston head portion is anodized such 
that only its surface region to be aluminum-anodi zed is caused 
to- contact v-;ith an electrolyte in an electrolyzing bath v./hereas 
its remaining portion is disposed outside of the electrolyzing 
bath. For the aforementioned electrolyzation, on the other 
hand, there is applied the "Method for Treading the Surface 
of Aluminum or Its Alloy"/ as disclosed by the Applicant in 
Japanese Patent Application No . 2-32 54 80 . By this application, 
it is recommended that an anodized coating film is formed by 
controlling an electric current at an initial stage so that 
a current density may be constant, till a bath voltage reaches 
a constant limit, and by controlling and reducing the electric 
current, after the bath voltage reached the constant limit, 
so that the bath voltage may be kept at the limit. 

[0008] As an apparatus for executing the aforementioned. 
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aluminum-anodizing method/ on the other hand, there is 
recommended a piston a luminum-anodi r ing apparatus which is 
characterized by comprising: an electrolyzinq bath; a device 
for feeding and discharging an electrolyte into and out of said 
electrc-lyzing bath; a jig body disposed in said electrolyzing 
bath and including seal means fitted at a position lov;er than 
the highest level of the electrolyte for holding a piston to 
be treated, upside-down with its head portion being positioned 
below, and for causing only the piston surface region to be 
aluminum-anodized to face the inside of the electrolyzing bath 
while shielding the remaining portion from the electrolyte; 
and a cathode disposed in the electrolyzing bath to generally 
confront- the head portion of the piston fitted in said jig body. 
In this apparatus, it is recoinmended that said cathode i7) is 
provided on its back with an electrolyte injection nozzle (8) 
and has a hole for allowing the electrolyte injected from said 
nozzle to pass toward the piston head portion. 
[0009] 

[Functions] With the construction described above, only the 
piston head portion to be aluminum-anodized is electrolyzed 
in contact with the electrolyte. Therefore, it is possible 
to provide a piston aluminum-anodizing method and apparatus 
capable of forming a highly hard alumite layer automatically 
only at a piston head portion at a' high -speed and for a short 
time period without any masJcing step. 



[ 0 0 1 0 ) 

[Embodiment] The present invention will be specifically 
described v;ith reference to the accc-mpanying drawings. Fig. 
1 shoves one embodiment of an apparatus to be used for executing 
a method for aluminum-anodizing a piston according to the 
invention. In Fig. 1: reference numeral 1 designates an air 
cylinder; numeral 2 does an insulating plate; numeral 3 does 
a feeding plate; numeral 4 does a piston to be treated; numeral 
5 does a jig body; numeral 6 does a seal rubber; numeral 7 does 
a cathode; numeral 8 does an electrolyte injection nozzle; 
numeral 9 does an electrolyte supply pipe; and numeral 10 does 
an electrolyzing bath. These components 1 to 10 construct an 
electolyzing apparatus. Moreover: numeral 11 does designates 
a pump; numeral 12 does an electrolyte tank; numeral IS does 
a liquid temperature adjusting device; numeral 14 does a liquid 
temperature detector; numeral 15 does an AC power source; 
numeral 16 does a rectifier; numeral 17 does a switching 
element; numeral 18 does a pulse generator; numeral 19 does 
a smoothing circuit; numeral 20 does an inserted resistor for 
detecting the electrolyzing current; numeral 21 does an 
electrolyzing current detector; humeral 22 does a bath voltage 
detector; and numeral 23 does a microcomputer. 

[0011] The piston 4 as an object to be treated is so fitted 
upside-down in the jig body 5 which 'is disposed in the 
electrolyzing bath 10 that only its head portion contacts with 
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the electrolytic liquid in the electrci yzing tath 10. In the 
jig body 5 at a position lower than the highest level of the 
electrolyte, more specifically, there is fitted the ring- 
shaped seal rubber 6 for causing only the surface region to 
be aluminum-anodized of the head portion of the piston -1 to 
face the inside of the electrolysing bath vjhile shielding the 
remaining portion from the electrolyte. The head portion of 
the piston 4 is held in abutment against that seal rubber 6 
so that it exclusively contacts with the electrolyte in the 
electrolyzing bath whereas the remaining portion is kept away 
from the electrolyzing bath. 

[0012] The supply of the electrolyte into the electrolyzing 
bath 10 is made by activating the pump 11 through a plurality 
of holes 8a formed in the upper face of the electrolyte 
injection nozzle 8. In the cathode 1, there are formed 
corresponding holes, through which the electrolyte is injected 
and fed to the head portion of the piston 4. At the 
electrolyzing time, the electrolyzing bath 10 is filled up with 
the electrolyte to its upper edge so that the electrolyte is 
collected/ as it overflows the upper edge, by a collecting bath 
10' and is recirculated to the electrolyte tank 12. When the 
pump 11 is stopped/ on the other hand, the electrolyte in the 
electrolyzing bath 10 is wholly discharged from a discharge 
port opened in the bottom portion of the electrolyzing bath 
10. 
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(0013] ThuS/ the pisccn -1 is fitred cy such an outside bach 
method that its entirety is not dipped in the electrolyte vvhile 
a Hewing only its head portion to contact -with the electrolyte . 
As a result, it is possible to omit the troublesome masking 
step thereby to improve the productivity and lov;er the cost. 

( LMji:3 ] For the electrolyzat ion, the pump 11 is stopped at first 
to discharge the electrolyte from the electrolyzing bath 11. 
In this state, the piston 4 is fitted in the jig body 5, and 
the air cylinder 1 is activated to bring the piston head portion 
into close contact with the seal rubber 6. After this, the 
pump 11 is activated to fill the inside of the electrolyzing 
bath 10 up with the electrolyte through the electrolyte 
injection nozzle 8, and the electrolyzat ion is started. The 
electrolyte is recoirunended to be such a single bath of sulfuric 
acid as can be easily managed. 

[0015] For the electrolyzing current, an electric current 
from the AC power source 15 is rectified by the rectifier 16, 
and this DC current is interrupted into a pulse current by the 
switching element 17 which is turned ON/OFF by the pulse 
generator 18. Moreover, this pulse current is smoothed into 
a smooth DC current by the smoothing circuit 19, and this smooth 
current is fed to the feeding plate 3 and the'cathode 7. This 
electrolyzing current is controlled to increase/decrease by 
changing the duty, factor of the pulses,, as oscillated by the 
pulse generator 18, in response to instructions coming from 
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the microccmputer 23. 

[0016] Specifically, the detected signals of the electrolyzing 
current detector 21 and the bath voltage detector 22 are fed 
to the microcomputer 25. The anodized film is formed by 
controlling the electric current at first so that the current 
density may be constant till the bath voltage reaches a constant 
limit, and by controlling to reduce the electrolyzing current, 
after the bath voltage reached the constant limit, so that the 
bath current may be kept at the limit . More specifically, there 
is applied the "Method for Treading the Surface of Aluminum 
or Its Alloy", as disclosed by the Applicant in Japanese Patent 
Application No . 2-325430. For the electrolyzations, as shown 
in Fig. 2, the electrolyzing current is so controlled at the 
initial stage that the current density (as indicated by a solid 
curve in Fig. 2) maybe constant [that is, the current density 
i = i.;. for the electrolytic time t of a section 0 ^ t < ti] till 
the bath voltage (as indicated by a dotted curve in Fig. 2) 
reaches the constant limit, and is so reduced [that is, the 
current density is = i.:./[l + 3(t - ti)]^'"' for ti < t < t^] after 
the bath voltage reached the constant limit that the bath 
voltage may be kept at the limit. Here, p = 3kiv"" VSB, in which: 
iO. designates the initial current density; B does a scorch 
constant; k does a film forming constant; and S does a safety 
constant. These individual constants k, B and S determine the 
durations of the constant current electrolyzing times by the 



high current density, and the magnitudes of the gradual 
reductions in the gradual reducing sections of the current 
densitv. The k, B and S values have to be optimized for the 
composition of the object to be treated, the composition and 
temperature of the electrolyte, and the structure of the 
treating apparatus. Where the sulfuric acid is used as the 
electrolyte for a material ACSA, the values usually range such 
that k = 0.4 to 0.7, B = 400 to 550, and S ^ 0.5 to 0.8, and 
the electrolytic time is the shorter for the larger K and S 
values . 

[0017] Where the electrolyzing current is to be controlled/ 
the electrolyte temperature is kept constant by detecting the 
temperature of the electrolyte v^ith the liquid temperature 
detector 14, by feeding the detection signal to .the 
microcomputer 23, and then by feeding the command signal to 
the liquid temperature adjusting device 13. 
[0018] The following Table-1 enumerates the conditions (i.e., 
the aforementioned k, B and S values, the initial current 
density, the electrolyte concentration, the electrolyte 
temperature and the bath voltage), under which the alumite 
having a thickness of 90 microns and a hardness of 400 (HMV) 
or more and highly effective against the thermal cracking of 
the piston is obtained for the shortest time period by 
performing experiments using the piston of ACSA alloy for the 
hard aluminum- anodizat ion of the piston head portion. 
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[0019] 
[Table 1] 



Initial Current Density (A/dm") 


30 ± 5 


Bath Voltage (V) 


60 ± 5 


Constant value 


k 


0.6 


B 


4 50 


s 


0 . e 


Electrolyte 
{Sulfuric Acid) 


Concentration (g/1) 


100 ± 10 


Temperature (°C) 


10 ± 3 


Electrolyzing Time 




7 to o mins 



[0020] Here, the electrolyzing time is elongated to lower the 
treating efficiency if the initial current density is not 
higher than 25 A/dm", and the hardness of the alumite layer 
drops if not lower than 35 A/dm*. On* the other hand, the 
treating efficiency drops if the bath voltage is at 75 V, and 
the alumite layer becomes heterogeneous and fragile if not 
lov^er than 85 V. The resistance becomes excessively low to 
cause disadvantages if the electrolyte concentration is not 
higher than 90 g/litter, and the thickness precision of the 
alumite layer drops if not lower than 110 g/litter. The bath 
voltage rises to make the alumite layer heterogeneous and 
fragile if the electrolyte temperature is not higher than 7 
^'C, and the alumite coating surface causes the white powdery 
oxidation and becomes fragile due to the shortage of the cooling 
of the treated surface if not lower than 13 "^C; 
[0021] After the desired alumite layer was thus formed on the 
head portion of the piston 4, the pump 11 is stopped to discharge 



the electrolyte from the electrol yz ino bath 11, and the piston 
4 is removed and replaced by a nevv piston to be treated for 
a similar aluminum-anodizing method. These operations to fit 
and remove the piston, to activate and stop the pump 11, to 
adjust the electrolyzing current, or the like can be wholly 
automated by the computer control. 
[0022] 

[Effects of the Invention] With the construction thus far made, 
according to the invention, it is possible to provide the piston 
aluminum-anodizing method and apparatus which can form the 
highly hard alumite layer automatically only on the piston head 
portion without any masking step. 

[0023] Here, the invention should not be limited to the 
aforementioned embodiment but ccritains all the modifications 
that could be easily conceived within the scope of the object 
of the invention by those slcilled in the art from the 
description thus far made. 
[Brief Description of the Drawings] 

[Fig. 1] An explanatory diagram showing one embodiment of the 
apparatus to be employed for executing the surface treating 
method according to the invention. 

[Fig. 2] A graph plotting the relations of a current density 
and a bath voltage as the electrolyzing time elapses when the 
surface treating method of the invention is executed. 
[Designations of Reference Numerals] 



1 


Air Cylinder 


2 


Insulating Plate 


3 


Feeding Plate 


4 


Piston 


C 


Jig Ecdy 


6 


Seal Rubber 


7 


Cathode 


8 


Electrolyte Injection Nozzle 


9 


Electrolyte Supply Pipe 


10 


Electrolyzing Bath 


11 


Pump 


12 


Electrolyte Tank 


13 


Liquid TeiTipera ture Adjusting Device 


14 


Liquid Temperature E»etector 


15 


AC Power Source 


16 


Rectifier 


17 


Switching Element 


18 


Pulse Generator 


19 




20 


Inserted Resistor 


21 
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22 


Bath Voltage Detector 


23 


Microcomputer 







[Fig. 1] 
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Microcomputer 
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